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Overall Objectives
• Improve the quality of group decision making by

– (1) enhancing the ability of each participant to 
assess/evaluate their pool of disparate information 
findings 

– (2) simplifying  the process by which participants 
share uniquely held information 

– (3) improving the process for integrating this shared 
information into the on-going decision process and 

– (4) developing information “drill down” capabilities so 
that participants can quickly focus on the differing 
subjective assessments that are causing lack of  
decision consensus.



This year’s Objectives

• Expand development of IOBs
• Interface with EWALL project



Contribution to CKM

• individual mental model
construction

• knowledge interoperability
development

What are the task parameters?

team negotiation of solution
alternatives

• team pattern recognition
• team shared understanding
development 

• convergence of individual 
mental models

•sharing hidden knowledge

What is the group decision?
•iterative information collection

and analysis
• team shared understanding 
development

• develop, rationalize, & visualize
solution alternatives

What is the data saying?



Sample Decision Making Task

• We have spent a lot of money over the last 
two years on improving airport security.

• Has Airport Security significantly improved?
– Review reports and assign an overall 

effect/impact score to the results:
NO!                                         YES!

Definitely
Not improved

Definitely
has improved



You search and retain 10 reports



Subjective conclusions from
each of the reports

Yes!

Yes!

No!

No!

No

No

No

Yes

Yes

Yes



…but other subjective estimates have also been made..

Least 
Important

Most
Important

Old 
Data

Very 
recent info.

Highly 
Reliable
Source

Source
Credibility?

High level
of uncertainty

Good 
documentation

NO!                                         YES!Difficult Task!



DCODE Solution: Convert IMPLICIT
subjective estimates into EXPLICIT estimates.

Credibility?

Effect/Impact?

Importance?

Timeliness?

Encapsulate the scores into an icon (called an Information Object, 
IOB) that displays information quality, impact and importance

IOB

Effect/Impact: Color

Quality of information

Information Importance:
Size of color bar (1, 2 or
3 sections filled)



Very
High

High

Average

---------------------------Source Credibility-------------------------
High Low

------------------------------------------------------------------

------------------------------------------------------------------

Drop all items with below average
Source Credibility.

Another look at the 10 reports

??

IMPORTANCE



The decision environment:

????

Documents      vs            IOBs



DCODE IOB Process



What are the key Essential Elements that
need to be Abstracted from an Information Item?

• Where does it Fit?
– i.e. which decision criteria/factor (e.g. cost, risk, etc.)?

• How good is the information Quality?
– What is the Credibility of the source?
– How Timely is this information?
– How much Confidence do I have in the information?

• What is the Effect/impact of the information on the 
criterion?
– Positive or Negative?
– Strong or Weak?

• What is the Importance of this item relative to 
other items? 



We access these subjective assessments
via an Abstraction Template Structure

Keyword Aug 02 contract

Information
Quality
Assessment

Criteria Fit

Relative
Importance

Effect/impact



We display/share these assessments using
an Information Object (IOB)

Step 1: Select document for retention

DCODE Software creates and
stores an Information Object
(IOB) in designated database

Step 2:  Activate Abstraction Template

Step 3: Complete Assessment



Information Objects (IOBs)

The creation, use and sharing of 
Information Objects (IOBs) is 

the key critical concept
in DCODE.



Information Object (IOB)
An IOB is an iconic encapsulation 
of the subjective assessments an 

individual has assigned to a 
particular information item.

It is automatically created from the completed 
abstraction template.

It is analogous to military tactical symbology.

IOB Representation
of subjective assessmentsOriginal

document



IOB Encapsulation Process

Hyperlinked to doc.
Who originated the IOB

Unique identifier

Importance:
Discard

V. High

Avg.
High



Effect/Importance Coding

EFFECT ON CRITERION IS COLOR-CODED

Very Negative          Negative           Positive         Very Positive

IMPORTANCE
size, size, size

Average

High

Very High

Importance
“Power bar”

Dark Green2 Squares

Document is of High
Importance and has
a Very Positive effect
on the Gain Criterion



De-Cluttering the Display
Minimal View (keyword, effect, importance)

Which Item? The Effect? The Importance?

Full View (all parameters) available as a drill-down capability



Why Use IOBs?
• IOBs improves an individual’s decision making ability by 

simplifying  the evaluation of disparate information sources.



Sharing and Integration
of Information

Participant’s
Individual
Display

Give me non-redundant IOBs
from other group members



Adding Uniquely
Held information

Information that I have:

“Add Group”

Adds three new group IOBs

DCODE Provides “one-click” sharing 
of Uniquely Held Information



Integration of Shared Information

Member already has a 
high cognitive burden.  
What is the likelihood 
these will be integrated 
into his decision process?

“Add Group”

Add Group

DCODE IOBs Improve the 
Integration of Shared Information



Key Concepts in IOB Application to 
Shared Understanding

INFORMATION  ABSTRACTION

INFORMATION
SHARING

INFORMATION 
ENCAPSULATION



New Concepts (not in demo)

• Entering personal knowledge

• Encoding Quality of Information

• The “EQI” bar



Two Information Sources:

(1) Internet, Documents, Databases, etc



…and (2) Personal Knowledge

“Personal
Knowledge”

A click here
produces a text box
for information entry:

Created by:  M1   BILL
On: 9/23/03  1705

In 1998 I was involved in a
Simulated NEO, and we 
found that….

Save/Finish



Information Coding

• Three most critical elements are:
• Effect/Impact :  Color (4 or 5 levels)

• Importance: Size (3 levels)

• Quality: Composite of several parameters

Quality is
Average
or Better

Quality is
Below
Average

Color Pattern (2 levels)



Coding Quality of Information

Quality is a composite score:

Timeliness
Credibility
Confidence

0      1      2     3     4

Decision Team sets up a scoring
algorithm, e.g. 
“flag any total score 5 or less”

Timeliness
Credibility
Confidence

0      1      2     3     4
x
x

x

Quality is 
Below
Average Total Score = 4

Timeliness
Credibility
Confidence

0      1      2     3     4

x
x

x

Quality is 
Average
Or better Total Score = 6



The Effect/Quality/Importance (EQI) Bar

Very Pos.
Pos.
Neg.

V. Neg.

Very Pos.
Pos.
Neg.

V. Neg.

Very Pos.
Pos.
Neg.

V. Neg.

Quality
Good     ?

Quality
Good                             ?

Quality
Good           ?

AVERAGE
IMPORTANCE

VERY HIGH
IMPORTANCE

HIGH
IMPORTANCE



Do IOBs really help?



PG School Experiment
18 Officers (Summer 03)

• Display: Text vs IOBs
• Decision: Positive vs Negative

Display
Text Only                           IOBs

Positive

Decision

Negative

N=10

N=4N=4

N=5N=5

N=8

N (tot)=18N=9N=9



Task:

• Should we use Islandia as the refugee site?
• Sees 30 information items (randomized)

– 5 decision criteria
• 6 items per criteria



The Five Decision Criteria



Text Condition (9 subjects)

Read this, then assign
it to one of the five
criteria

(do 30 of these)



IOB Condition (9 subjects)

Read this, then:

Assign a keyword
Assign it to a criterion
Evaluate its effect on

the criterion



Completed Item (IOB)

Completed IOB

(does 30 of these)



Decision Tasks:

5 Criteria Decisions,

1 Overall Decision



Decision Display: Text

The items the subject
assigned to the
Communications
criterion 



Decision Display: IOB

Hyperlinked



Positive vs Negative

½ of Subjects should make
a decision that is Negative:

3 of 5 criteria are Negative

½ of Subjects should make 
a decision that is Positive:

3 of 5 criteria are Positive

Positive Criterion:   4 of the 6 statements are positive
Negative Criterion:  4 of the 6 statements are negative



IOB Subjective Assessment



RESULTS



Time Factor

0

5

10

15

20

25

Classify the 30 Make the 6 decisions

Text
IOB

M
I
N
U
T
E
S

IOB subjects took an average 18 seconds longer 
per item to enter keyword and make evaluation



TIME TO MAKE DECISIONS

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

Positive Negative

Text & IOB
combined

M
I
N
U
T
E
S

Participants took significantly longer to complete the decision
process when the predominance of information was positive.



Errors in Criterion Scoring

0
2
4
6
8

10
12
14
16
18
20

TEXT (ALL) TEXT
(REV)

IOB (ALL) IOB   (REV)Text
(includes
neutral)

Text
(Reversals

only)

IOB
(includes
neutral)

IOB
(Reversals

Only)

45 Max



ERRORS OVERALL

0
1
2
3
4
5
6
7
8
9

10

TEXT (ALL) TEXT
(REV)

IOB (ALL) IOB (REV)Text
(includes
neutral)

Text
(Reversals

only)

IOB
(includes
neutral)

IOB
(Reversals

Only)

9 Max



Overall Ratings

Overall Final Ratings

0
1
2
3
4
5
6
7

Text

Neg Neutral             Pos

Overall Final Ratings

0

1

2

3

4

5

66/6 errors

2/2 errors 1/1 errors

IOB

Neutral             Pos

2/2 errors
0/2 

1/5 errors

Neg
0/9 Correct Decisions! 6/9 Correct Decisions!



The Two Display Conditions:

TEXT IOB

0 out of 9 Correct Overall Decisions 6 out of 9 Correct Overall Decisions



IOB Subjective Assessments

0

1

2

3

4

5

6

7

Distract No Effect Somewhat A Lot

Max = 9

IOBs HELP?



Research Summary:

• Decision time same for Text and IOB.
• Decision time longer for positive information.
• Text participants make more reversal errors in 

scoring individual criteria.
• In making Overall decisions:

– Text more likely to use Neutral rating.
– Text more likely to make reversal errors.
– IOB make more accurate decisions.

• IOB participants feel IOBs are helpful/useful.



Hidden Profile Experiment

• Subjects saw 12 information items, leading 
to a Positive or Negative recommendation

• Then saw 10 more items that should 
cause a reversal in the recommendation

• Out of 20 eligible subjects, only 7 (35%) 
detected the hidden profile.

• Shifting from Negative to Positive was 
significantly more difficult (1 out of 6)



Interface with EWALL project

This news item
has a Very Negative
impact on the Cost
criterion, is of High
Importance and is
of acceptable/good
Quality

COSTDecision
criterion

“EQI”
bar



Expected Final Products

• A shrink-wrapped software package:
– Runs in the background on a WAN or LAN
– Set-up by the assigned decision-task group
– User-designed abstraction template
– IOB Generation algorithm
– Optimized sorting, analysis package
– Group interactive IOB display area
– Uses existing COTS audio/visual collaborative 

system to reduce conflict, reach consensus.



Possible Application areas

• Proposal submitted to Home Land Security:
– “Information Objects (IOBs): A Knowledge 

Management Tool for Information Fusion, Correlation 
And Distribution”

• Proposal submitted to DDR&E
– “Iconic Abstractions of Subjective Knowledge for 

Asynchronous Collaboration”
• DCODE briefed to Counter Drug Investigation 

Center (CIC)



Recent/Planned Publications

• Information Exchange and Display in Asynchronous C2 Group Decision 
Making. Paper presented at 8th International Command and Control Research 
and Technology Symposium, Washington D.C., June 2003.

• The Effects of New Information on Decision Modification: The Role of Display 
Format and Direction of Impact. SSC-SD Technical Report, in prep, Jan 04.

• Improving Individual and Team Decisions Using Iconic Abstractions of 
Subjective Knowledge. Paper submitted to 9th International Command and 
Control Research and Technology Symposium, San Diego, June 2004.

• An experimental comparison using text documents versus iconic 
representations in complex decision making,  SSC-SD Technical Report, in 
prep., Jan 04

• Essential information characteristic needed for any retained decision-relevant 
information item. SSC-SD Technical Report, in-progress.



IOB On-Line Demo

Available at two sites:

http://64.66.5.34/demo/

http://www.ocf.berkeley.edu/~slinlee/dcode/demo/

http://64.66.5.34/demo/
http://www.ocf.berkeley.edu/~slinlee/dcode/demo/




Back-up slides



Assigned to DIFFERENT Crit.

0
2
4
6
8

10
12
14
16
18

TEXT IOB EFFECT

Different Criterion
(270 max)

Different Effect
(IOB only, 270 max)



Overall time

0

5

10

15

20

25

Positive Negative

Text
IOBM

I
N
U
T
E
S



Dec time

0

1

2

3

4

5

6

Positive Negative

Text
IOBM

I
N
U
T
E
S



Score Assignment to Criteria

0
2
4
6
8

10
12
14
16

0 1 2 3 4

TEXT
IOB



Score Assignment to Overall

0

1

2

3

4

5

6

7

0 1 2 3 4

TEXT
IOB



Scoring Assignments by IOB

0

20

40

60

80

100

120

- -- + ++

IOB Group



Research Questions
• What are the critical subjective information assessments 

(parameters) that each individual assigns to a retained 
information item?

• How can we quantitatively capture these assessments 
without placing an undue cognitive burden on the 
individual?

• How do we best display this captured information to 
improve the ability of the individual to make on overall 
assessment of his information pool?

• How do we display, share and transfer this captured 
information to ensure that the group sees and uses to 
the entire pool of relevant information to reach 
consensus on the final overall group recommendation?



Decision Making Requirements

• Once a group has been assigned a decision 
making task, they need to determine two critical 
issues:
– What are the decision criteria (factors) that we will use?

• e.g. Cost, Risk, Duration, etc.

– How many options (COAs) are we considering?
• One (Yes/No, Go/No Go)

– Should we do A?
• Multiple COAs

– Should we do A or B or C or ….?



Template changes only 
slightly from task to task

Different Decision Tasks modify only 2 parameters of the Abstraction Template:

READ COSTRSOR PROB

MPAC

Criteria

# of “Effect”
rating scales
(# of COAs)

Buy a Car
Volvo Cost
Ford MPG
Buick Maint

Locate a Factory
Tampa Taxes
LA Cost
Dallas Labor

Remove Surv. Site
Destroy Assets
Jam Time
IO Risk



Converting Subjective
Assessment to EQI Display

This article is Negative in supporting the decision criterion 
and is rated of High importance.  Some question as to 
Quality of the information.

This article is Very Positive in 
supporting the decision criterion and 
is rated of Very High importance.  
Information Quality is 
acceptable/good

This article is Very Negative in supporting the 
decision criterion and is rated of Average 
importance.  Information Quality is acceptable/good


	DCODE
	Overall Objectives
	This year’s Objectives
	Contribution to CKM
	Sample Decision Making Task
	You search and retain 10 reports
	Subjective conclusions from each of the reports
	…but other subjective estimates have also been made..
	DCODE Solution: Convert IMPLICIT  subjective estimates into EXPLICIT estimates.
	Another look at the 10 reports
	The decision environment:
	DCODE IOB Process
	What are the key Essential Elements that need to be Abstracted from an Information Item?
	We access these subjective assessments via an Abstraction Template Structure
	We display/share these assessments using an Information Object (IOB)
	Information Objects (IOBs)
	Information Object (IOB)
	IOB Encapsulation Process
	Effect/Importance Coding
	De-Cluttering the Display
	Why Use IOBs?
	Sharing and Integration of Information
	Adding Uniquely Held information
	Integration of Shared Information
	Key Concepts in IOB Application to Shared Understanding
	New Concepts (not in demo)
	Two Information Sources:
	…and (2) Personal Knowledge
	Information Coding
	Coding Quality of Information
	The Effect/Quality/Importance (EQI) Bar
	Do IOBs really help?
	PG School Experiment18 Officers (Summer 03)
	Task:
	The Five Decision Criteria
	Text Condition (9 subjects)
	IOB Condition (9 subjects)
	Completed Item (IOB)
	Decision Tasks:
	Decision Display: Text
	Decision Display: IOB
	Positive vs Negative
	IOB Subjective Assessment
	
	Time Factor
	TIME TO MAKE DECISIONS
	Errors in Criterion Scoring
	ERRORS OVERALL
	Overall Ratings
	The Two Display Conditions:
	IOB Subjective Assessments
	Research Summary:
	Hidden Profile Experiment
	Interface with EWALL project
	Expected Final Products
	Possible Application areas
	Recent/Planned Publications
	IOB On-Line Demo
	
	Back-up slides
	Assigned to DIFFERENT Crit.
	Overall time
	Dec time
	Score Assignment to Criteria
	Score Assignment to Overall
	Scoring Assignments by IOB
	Research Questions
	Decision Making Requirements
	Template changes only slightly from task to task
	Converting Subjective Assessment to EQI Display

